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Resumen. La teoría predice que la inversión parental debería ser menor si la progenie tiene poco valor repro-
ductivo, como cuando tiene un alto riesgo de depredación. Además, un alto riesgo de depredación puede reducir la 
actividad parental si esa actividad atrae depredadores. Sin embrago, la habilidad de los padres de determinar los 
niveles ambientales de riesgo de depredación y de responder de forma adaptativa permanece poco clara, especial-
mente cuando el ensamble de depredadores del nido es diverso y difícil de determinar. Evaluamos si la variación 
en la inversión parental por parte de una especie con nidadas múltiples (Spizella breweri) en un ambiente (estepa 
arbustiva) con un ensamble diverso de depredadores, puede ser predicha por el riesgo ambiental de depredación 
o por la experiencia concreta de depredación del nido. La variación en el riesgo ambiental de depredación entre 
ocho sitios, determinada por las probabilidades diarias de depredación del nido, no se correlacionó entre los cuatro 
años. En este sistema, el riesgo sería, por lo tanto, no predecible, y los aspectos de inversión parental (tamaño de 
la puesta, peso de los huevos, ritmo de incubación, tasa de alimentación de polluelos) no se relacionaron al riesgo 
ambiental. Además, la inversión en los primeros nidos no difirió con la inversión observada en nidos que fueron 
depredados, lo que sugiere que los padres no pudieron determinar ni responder a los niveles de riesgo de depre-
dación a nivel de sus territorios. Sin embrago, las parejas cuyos nidos fueron depredados redujeron el tamaño de 
sus nidadas y su actividad en sus intentos de anidación posteriores, al aumentar el tiempo en que permanecieron en 
y fuera del nido durante la incubación y al disminuir sus tasas de visitación al nido para alimentar a sus polluelos. 
En este ambiente no predecible, las parejas de aves pueden tener una falta de señales sobre el riesgo ambiental en 
los cuales basar sus inversiones y, en vez de eso, dependen de la experiencia concreta de depredación de sus nidos 
para tomar por lo menos algunas de sus decisiones.
PARENTAL INVESTmENT DECISIONS IN RESPONSE TO  
AmbIENT NEST-PREDATION RISk VERSUS ACTUAL  
PREDATION ON ThE PRIOR NEST
Decisiones de Inversión Parental en Respuesta al Riesgo Ambiental de Depredación de  
Nidos versus Depredación Concreta del Nido Anterior
Parental Care and Nest Predation
Anna D. Chalfoun and Thomas E. martin
Abstract. Theory predicts that parents should invest less in dependent offspring with lower reproductive 
value, such as those with a high risk of predation. moreover, high predation risk can favor reduced parental activ-
ity when such activity attracts nest predators. Yet, the ability of parents to assess ambient nest-predation risk and 
respond adaptively remains unclear, especially where nest-predator assemblages are diverse and potentially dif-
ficult to assess. We tested whether variation in parental investment by a multi-brooded songbird (brewer’s Spar-
row, Spizella breweri) in an environment (sagebrush steppe) with diverse predators was predicted by ambient 
nest-predation risk or direct experience with nest predation. Variation among eight sites in ambient nest-predation 
risk, assayed by daily probabilities of nest predation, was largely uncorrelated across four years. In this system risk 
may therefore be unpredictable, and aspects of parental investment (clutch size, egg mass, incubation rhythms, 
nestling-feeding rates) were not related to ambient risk. moreover, investment at first nests that were successful 
did not differ from that at nests that were depredated, suggesting parents could not assess and respond to territory-
level nest-predation risk. however, parents whose nests were depredated reduced clutch sizes and activity at nests 
attempted later in the season by increasing the length of incubation shifts (on-bouts) and recesses (off-bouts) and 
decreasing trips to feed nestlings. In this unpredictable environment parent birds may therefore lack sufficient cues 
of ambient risk on which to base their investment decisions and instead rely on direct experience with nest preda-
tion to inform at least some of their decisions.
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INTRODUCTION
Investment in current offspring is critical to fitness yet also 
can be costly to investment in future offspring, so that par-
ents must allocate resources to current reproduction appropri-
ately in order to maximize their lifetime reproductive success 
(Williams 1966, martin 1987, Roff 1992). Life-history the-
ory predicts that individuals should decrease investment in 
current offspring whose probability of survival, and thus re-
productive value, is low (haig 1990, Wisenden 1993, Ghalam-
bor and martin 2000, Gunness et al. 2001, Rytkönen 2002). 
Increased risk of nest predation can reduce the reproductive 
value of an attempt at breeding and favor reduced parental 
investment, as through reduced egg size, clutch size, incuba-
tion effort, and parental feeding rates (Slagsvold 1982, mar-
tin 1992, 1995, Wisenden 1993, Cresswell 1997, kudo 2006, 
martin and briskie 2009). At the same time, high predation 
risk can favor reduced activity levels of parents at or near nests 
when such activity attracts enemies and so reinforce reduced 
investment at high-risk nests (Skutch 1949, martin et al. 2000, 
muchai and du Plessis 2005, Fontaine et al. 2007, Eggers et al. 
2008, massaro et al. 2008, Peluc et al. 2008). Yet, parental ad-
justments may also depend on local predator communities be-
cause the predictability of predation risk, availability of cues 
indicating risk, and the extent to which parental care attracts 
predators may vary (martin 1992, Roper and Goldstein 1997, 
Ghalambor and martin 2002).
The responses of parents in environments where pred-
ators are less predictable, however, have not been carefully 
studied (martin and briskie 2009). Previously, decisions 
about reproductive investment relative to the ambient risk of 
nest predation have been studied predominantly within sys-
tems with only a few obvious diurnal species of predator (e.g., 
squirrels, corvids, shrikes; Scheuerlein et al. 2001, Ghalambor 
and martin 2000, 2002, Eggers et al. 2005, 2006, 2008, Fon-
taine and martin 2006, Peluc et al. 2008). In such cases, ex-
periments and observational data suggest that parents assess 
the risk of nest predation and decrease investment in high-risk 
environments. behavioral and reproductive plasticity should 
be particularly favored in variable environments, but appro-
priate responses depend on the variation being predictable 
and assessable (martin 1995, Ghalambor and martin 2002, 
Wingfield 2003, Lima 2009, martin and briskie 2009). We ask 
here whether in environments where nest predators are more 
variable and potentially unpredictable, parents can assess and 
respond to ambient risk of nest predation. In some environ-
ments predation may be much less predictable because there 
are many species of predators with diverse activity periods 
(diurnal and nocturnal) and foraging strategies (visual, olfac-
tory, heat-sensing). One habitat with a diverse community of 
predators with a suite of tactics of search for prey is sagebrush 
(Vander haegen et al. 2002, Chalfoun and martin 2007a, 
2009, also see later). As expected with such a diverse predator 
community, we observed high variation in nest-predation risk 
both among eight study sites in sagebrush habitat and from 
year to year, though not in a correlated pattern (also see Ro-
tenberry and Wiens 1989). We use this variation to examine 
whether birds can assess the risk of ambient nest predation 
and adjust their reproductive tactics accordingly.
If parent birds cannot predict the risk of nest predation 
accurately, an alternative strategy might be to adjust invest-
ment in future nesting attempts in direct response to pre-
dation on an initial attempt (e.g., see marzluff 1988 for an 
example of nest position being shifted in response to preda-
tion on a prior attempt). If predation is spatially correlated, 
loss of an initial clutch may indicate that subsequent attempts 
run a higher risk of predation. In such cases, parents whose 
initial nest was depredated should (1) lower investment and 
care in the next attempt so that resources remain for multiple 
attempts (Slagsvold 1982, 1984, martin 1992, 1995) and/or 
(2) limit activities that could increase predation risk (martin 
and briskie 2009).
In summary, we examined whether the parental-invest-
ment tactics of a multi-brooded songbird varied in response to 
ambient levels of nest-predation risk where nest predators are 
variable and diverse. We further examined whether individu-
als altered parental investment in subsequent attempts follow-
ing the predation of a previous nest. We focused on metrics 
with key consequences for fitness (clutch size, egg mass, incu-
bation rhythms, nestling-feeding rates) and that have been ob-
served to vary in response to nest-predation risk (see review 
in martin and briskie 2009).
mEThODS
STUDY SYSTEm
We studied the brewer’s Sparrow (Spizella breweri), a multi-
brooded passerine that builds an open-cup nest in shrubs of 
the sagebrush steppe of western North America. In brewer’s 
Sparrow care is biparental; both females and males incubate 
and feed nestlings and fledglings, suggesting that parental 
investment is particularly important for offspring survival. 
Nest predation is the primary cause of nest failure for sage-
brush songbirds, and it varies both spatially and temporally 
(Rotenberry and Wiens 1989, mahoney et al. 2006, Chalfoun 
and martin 2007a, 2009). Sagebrush habitats are typically host 
to a diversity of potential nest predators, including mammals, 
birds, and reptiles (Vander haegen et al. 2002, Chalfoun and 
martin 2007a) both diurnal and nocturnal with diverse forag-
ing strategies (visual, olfactory, heat-sensing). This diversity 
and variability (also see Fig. 1) provided the basis for our study 
of the ability of parents to assess and respond to ambient risk 
or prior experience.
Our study took place within Carbon County, south-central 
montana, from may to August, 2002–2005 at eight 25- to 30-ha 
sites separated by ≥1 km (Chalfoun and martin 2007a, 2009). 
We began with four sites in 2002 and added four additional 
sites for 2003–2005. Sites were dominated by big sagebrush 
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(Artemisia tridentata) and had scattered greasewood (Sarco-
batus vermiculatus) and rabbitbrush (Chrysothamnus spp.). 
Confirmed nest predators (via visual observation, video ev-
idence, or fecal material in depredated nests) included the 
bullsnake (Pituophis melanoleucus), prairie rattlesnake 
(Crotalus viridis), least chipmunk (Tamias minimus), mice 
(Peromyscus spp.), and Loggerhead Shrike (Lanius ludovi-
cianus). Other species present at the sites that have been 
observed depredating nests in other studies included the 
American Crow (Corvus brachyrhynchos), Common Raven 
(C. corax), black-billed magpie (Pica hudsonia), Pinyon Jay 
(Gymnorhinus cyanocephalus), Common Grackle (Quis-
calus quiscula), brown-headed Cowbird (Molothrus ater), 
voles (Microtus spp.), weasels (Mustela spp.), red fox (Vul-
pes vulpes), coyote (Canis latrans), and raccoon (Procyon 
lotor) (Sealy 1994, Sargeant et al. 1998, Pietz and Granfors 
2000, Pärt and Wretenberg 2002, Vander haegen et al. 2002, 
Thompson and burhans 2003).
NEST SEARChING AND mONITORING
We located nests via behavioral observations of parents and 
systematic nest searches of known territories, which are rel-
atively small (0.5–1.0 ha; Wiens et al. 1986, Chalfoun and 
martin 2007). To document if and how investment and be-
haviors of individual parents changed following nest preda-
tion, we color-banded and intensively monitored a subset of 
five to ten pairs of brewer’s Sparrows at each site each year. 
We target-netted focal birds at their first nests of the season 
and attempted to locate all their subsequent nests that sea-
son. brewer’s Sparrows are socially monogamous during a 
single nest attempt but occasionally divorce for subsequent 
nest attempts (Chalfoun, unpubl. data). moreover, some 
pairs whose nests failed early abandoned their territories. 
Consequently, in our analyses of responses, we incorporated 
data only for banded pairs that we were able to monitor dur-
ing at least two sequential nest attempts. We checked nests 
every 2 or 3 days (martin and Geupel 1993) and considered 
them successful if they fledged at least one young and dep-
redated if contents disappeared earlier than 2 days prior to 
the average time of fledging (Chalfoun and martin 2007a). 
We used observations at and near the nest (i.e., fecal material 
on nest rims, parents feeding fledglings nearby) to confirm 
fledging if the nest was vacated late in the nestling period 
(manolis et al. 2000); if we observed neither, we considered 
the nest depredated.
EGG-STAGE mETRICS
We recorded the size of the clutch in all nests in which we ob-
served a clutch on at least two successive visits between the 
end of laying and the end of incubation. During 2002, 2003, 
and 2005 we weighed the eggs in nests whose date of initia-
tion (date first egg laid) we knew, if the eggs had been incu-
bated for <3 days (to control for day of incubation and effects 
of evaporative water loss; Deeming 2002, martin et al. 2006). 
Eggs were weighed on portable electronic balances sensi-
tive to 0.001g that were recalibrated each time they were re-
located. At a subset of nests, we quantified nest attentiveness 
and mean bout lengths (times the birds were on and off the 
nest) via videotaping for 6–8 hours beginning within 0.5 hr 
of sunrise (martin 2002, Chalfoun and martin 2007b). Video 
cameras were placed no closer than 3 m to nests and hidden 
from view with camouflaged material so that the parents were 
not disturbed by the presence of the camera, which could dis-
rupt their normal behavioral rhythms. We filmed nests dur-
ing mid-incubation (day 4–7) to control for potential effects of 
stage of incubation.
NESTLING-STAGE mETRICS
We recorded nestling-feeding rates (trips per hour) by vid-
eotaping nests by methods similar to those for incubation. 
We restricted filming of nestlings to day 5, 6, or 7 of the 8-to 
10-day nestling period and to modal brood sizes of three or 
four to control for potential effects of age and brood size. 
During 2005, we quantified the sizes of food loads to test 
whether feeding trips were inversely related to the amount 
of food delivered. If food loads were sufficiently clear, we 
converted videos into .avi files with Adobe Premier. Fol-
lowing martin et al. (2000), we then measured their size 
(in mm2) with the program Scion Imaging in reference to 
morphological features of known average size (such as the 
bill and tarsus) in the same image. We averaged the sizes of 
the food loads over the entire video record for each pair and 
used only data from videos containing at least two measur-
able food loads.
FIGURE 1. Daily probabilities (±1 SE) of predation of brewer’s 
Sparrow nests (n = 762) across eight montana sites (labeled with 
unique symbols) and four years of study demonstrating temporal 
and spatial variation in nest-predation risk. Each point represents 
the mean probability of nest predation within a site and year, and n = 
17–70 nests per site per year.
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STATISTICAL ANALYSES
Within each site during each year, we calculated daily prob-
abilities of nest predation (mayfield 1975) as a proxy for nest-
predation risk at a population level. Nests that failed from 
other causes such as abandonment or extreme weather were 
rare (0.4%) and right-censored in calculations so that we in-
cluded exposure days prior to failure but restricted ultimate 
nest fates to success versus depredation. At each site, the num-
ber of nests suitable for mayfield estimates ranged from 17 to 
70 (median 29) per year. At our sites, estimates of daily nest 
predation were highly and negatively correlated with seasonal 
fecundity (total number of offspring fledged per pair per sea-
son; Chalfoun and martin 2007a) so were suitable to repre-
sent nest-predation pressure at the population level. To test the 
consistency of nest-predation risk across sites and years we 
used one-tailed Pearson correlations of daily probabilities of 
nest predation among all sets of years. To simultaneously test 
the relative influence of year, site, and territory on the prob-
ability of nest predation we also ran a logistic exposure analy-
sis (Shaffer 2004) of all subsequent nests of pairs for which 
we knew the fate of their first nest that season (i.e., successful 
or depredated). Using Akaike’s information criterion adjusted 
for small sample size (AICc; burnham and Anderson 2002), 
we then ranked eight models, including a constant-survival 
model and all possible combinations of year, site, and fate of 
first nest.
We also averaged, for each site and year, clutch size, egg 
mass, nest attentiveness, lengths of incubation on- and off-
bouts, and nestling-feeding rates. To examine parental re-
sponses in relation to nest-predation risk at the level of the 
site we used ANCOVA models with year as a random factor 
and site-level nest-predation probability and Julian date as 
covariates. The egg-mass model also included clutch size as 
a covariate, and the nestling-feeding-rate model also included 
brood size and nestling age as additional covariates. We did 
not obtain sufficient field data for all year-by-site combinations 
for all response variables.
To analyze the birds’ responses to the previous nest’s fate 
we first categorized subsequent attempts as post-predation or 
post-success on the basis of the outcome of the first attempt. 
moreover, in order to test for the birds’ potential assessment 
of ambient nest-predation risk at the territory scale and to ac-
count for potential variation due to variation in the parents’ 
own quality, we further categorized first attempts as pre-
success or pre-predation. We tested for differences in metrics 
of parental investment among the four categories of nest (1, 
first attempt, succeeded; 2, first attempt, depredated; 3, later 
attempt, following success of first attempt; 4, later attempt, 
following failure of first attempt) by using ANCOVA models 
with nest type as a fixed factor and Julian date as a covariate. 
Additional covariates for the various models included clutch 
size in the egg-mass model and brood size and stage day for 
the analysis of nestling feeding rate. We used post-hoc (least 
significant difference) tests to evaluate differences among the 
four nest types.
RESULTS
VARIATION IN NEST PREDATION
We derived daily probabilities of nest predation from a sam-
ple of 762 nests. Daily nest-predation rates varied from site 
to site within a year (0.0135–0.0924) and from year to year 
within a site (0.0226–0.0924) (Fig. 1). Daily nest-predation 
rates across sites, though different between each year, were 
correlated in 2002 and 2003, when only four plots could be 
compared, and unrelated for all other pairs of years (Table 1). 
Year was included in all three of the top logistic exposure 
models evaluating the relative influence of year, site, and fate 
of previous nest on daily probability of survival of subsequent 
nests (Table 2). Site was in the third-best model, and all three 
of the top models were within 2 ΔAICc units of each other 
(Table 2). Probabilities of predation also varied considerably 
within a site, as indicated by error estimates shown in Fig. 1. 
Thus at the site level nest-predation risk was highly variable, 
TAbLE 1. Correlation matrix of daily prob-
abilities of predation of brewer’s Sparrow nests 
across eight sites, by year. Data are one-tailed 
Pearson r and P values, with sample sizes of 
sites in parentheses.
2003 2004 2005










2004 0.30 (8) 
P = 0.24
TAbLE 2. Effects of year (n = 4), site (n = 8), and 
previous fate within a season (successful versus 
depredated) on daily probability of survival of sub-
sequent nests of brewer’s Sparrows (n = 245 nests, 
1762 observation intervals, and 3434 observation 
days). Number of model parameters (K), the differ-
ence in AICc between the model and the best-fitting 
model (ΔAICc), and Akaike weights (wi) are pre-
sented for eight logistic exposure models.
model K ΔAICc wi
Year 2 0.00a 0.44
Year, previous fate 3 1.81 0.18
Year, site 3 2.00 0.16
Constant survival 1 3.49 0.08
Year, site, previous fate 4 3.81 0.07
Previous fate 2 5.02 0.04
Site 2 5.29 0.03
Site, previous fate 3 6.88 0.01
a AICc = 910.135.
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both spatially and temporally, and inconsistent, suggesting it 
might be unpredictable.
In contrast to the inconsistent variation in nest-predation 
risk by site and year, territory-level risk was somewhat spa-
tially correlated; pairs whose first nests were depredated had 
a greater chance of being depredated in subsequent attempts 
(Table 2). The fate of the previous nest was in the logistic ex-
posure model with the second highest support when the rela-
tive influence of site-level and territory-level (fate of previous 
nest) factors on the probability of success of subsequent nests 
were considered simultaneously (Table 2). Therefore, nest 
predation was spatially auto-correlated at the territory level.
RESPONSES TO AmbIENT RISk
None of the parental-investment responses that we measured 
were significantly related to nest-predation probability at the site 
level (Table 3, Fig. 2). Clutch size varied annually, however, 
and declined through the season (β = −0.012 eggs day−1 ± 
0.001 SE). Egg mass increased marginally with Julian date 
(β = 0.001 g day−1 ± 0.001) independently of clutch size (Table 
3). Incubation attentiveness (% time on eggs) was consistent 
across years and within a season (Table 3). During incubation, 
the average length of an incubation shift (on-bout) varied an-
nually but not seasonally, and the length of recesses from in-
cubation (off-bouts) showed no response to any parameter 
(Table 3). Nestling-feeding rates varied annually, decreased 
seasonally (β = −0.05 trips day−1 ± 0.02), and increased with 
nestling age (β = +0.66 trips hr−1 per 1-day increase in nest-
ling age ± 0.32) and brood size (β = 1.36 trips hr−1 per nestling 
± 0.45) (Table 3). Thus, while parental investment responses 
varied with year, Julian date, and attributes of the offspring, 
they did not vary with ambient risk of nest predation.
At the territory scale, parental investment at first nests 
that were successful did not differ significantly from that at 
first nests that were depredated for any of the parental metrics 
we investigated (LSD post-hoc tests; clutch size: P = 0.49; egg 
mass: P = 0.23; incubation attentiveness: P = 0.29; length of 
incubation on-bouts: P = 0.17; length of incubation off-bouts: 
P = 0.45; incubation visits: P = 0.07; nestling-feeding trips: P 
= 0.69; Figs. 3, 4). This lack of difference suggests that par-
ents at nests of different fates did not differ in quality and they 
were not able to evaluate the risk of predation of the first nest 
they attempted.
RESPONSES TO FATE OF ThE PRIOR NEST
The spatial auto-correlation of predation at the territory level 
(see above) may favor adjustment of parental care follow-
ing predation of the prior nest. After depredation of their 
first nest, females significantly reduced the size of the clutch 
in replacement nests, even after a correction for Julian date 
(Table 4, Fig. 3). Egg mass was not explained by prior fate even 
after a slight increase with Julian date (β = 0.003 g day−1 ± 
0.002 SE) and variation in clutch size were accounted for 
(Table 4). Neither did incubation attentiveness vary with 
prior fate (Table 4, Fig. 3). The average duration of on-bouts, 
however, increased following failure of the previous nest 
(Table 4, Fig. 3). On-bouts were 9.9 ± 4.04 min longer, on 
average, following nest predation than during first attempts 
preceding predation. Off-bouts also tended to lengthen fol-
lowing previous nest failure (1.1 ± 1.7 min; Fig. 3), though 
not significantly (LSD, P = 0.18). The combined increase in 
length of on- and off-bouts yielded reduced parental activ-
ity at the nest during incubation (β = −1.04 ± 0.57 visits hr−1; 
Table 4, Fig. 3). After predation of the first nest, parents also 
decreased activity at the replacement nest by reducing the 
number of trips to feed nestlings, even after potential effects 
of brood size and nestlings’ age were accounted for (Table 4, 
Fig. 4). On average, parents renesting following previous 
nest predation decreased feeding by 2.3 trips hr−1 ± 1.4 in 
comparsion to the rate at first nests before predation (Fig. 4). 
Food loads did not vary by previous fate (F1,25 = 0.48, P = 
0.62), brood size (F1,25 = 0.28, P = 0.60), or the nestlings’ age 
(F1,25 = 0.29, P = 0.60) but, contrary to our prediction, were 
positively related to nestling-feeding rates (two-tailed Pearson 
r = 0.32, P = 0.07).
TAbLE 3. Summary statistics for measures of parental care by 
brewer’s Sparrows in relation to site-level nest-predation risk, as 
assayed by estimates of the daily probability of nest predation. 
Data are from ANCOVA models with year as a random factor and 
time of season (Julian date) as a covariate.
metric df F P
Clutch size
Nest predation 1,665 0.55 0.46
Year 3,665 44.80 <0.001
Julian date 1,665 99.82 <0.001
Egg mass
Nest predation 1,126 1.64 0.20
Year 2,126 0.70 0.50
Julian date 1,126 3.56 0.06
Clutch size 1,126 0.26 0.61
Length of incubation on-bouts
Nest predation 1,91 0.03 0.88
Year 3,91 3.61 0.02
Julian date 1,91 0.09 0.77
Length of incubation off-bouts
Nest predation 1,91 0.33 0.57
Year 3,91 1.08 0.36
Julian date 1,91 0.29 0.59
Nest attentiveness (%)
Nest predation 1,91 0.04 0.85
Year 3,91 1.76 0.16
Julian date 1,91 0.01 0.94
Feedings of nestlings hr−1
Nest predation 1,126 0.34 0.56
Year 3,126 3.27 0.02
Julian date 1,126 6.13 0.02
Age of nestlings 1,126 4.25 0.04
brood size 1,126 9.23 0.003
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DISCUSSION
Parental care is energetically costly, and theory predicts that 
parents should invest less in dependent offspring with a higher 
chance of mortality (haig 1990, Wisenden 1993, Ghalambor 
and martin 2000, 2002, martin and briskie 2009). Evidence 
suggests that breeding birds exposed to fairly simple assem-
blages of nest predator (e.g., one to a few readily observable 
diurnal species) can assess ambient nest-predation risk and 
adjust their strategies of parental care accordingly (Scheuer-
lein et al. 2001, Eggers et al. 2005, Fontaine and martin 2006, 
Peluc et al. 2008). In unpredictable environments, however, 
the accurate assessment of the vulnerability of offspring may 
be hampered (Lima and Dill 1990, Lima and bednekoff 1999, 
Ghalambor and martin 2002). brewer’s Sparrows nesting 
FIGURE 2. measures of parental investment (clutch size, mean egg mass, incubation attentiveness, lengths of incubation shifts and re-
cesses, and nestling-feeding rates) of brewer’s Sparrows in relation to ambient risk of nest predation (as assayed by daily probabilities of nest 
predation) at the population level. Points represent data from 762 nests, averaged by site and year.
where spatial and temporal variation in nest-predation risk 
was high (Tables 1, 2, Fig. 1) did not adjust their parental in-
vestment (as measured by clutch size, egg mass, incubation 
rhythms, nestling feeding rates) with variation in ambient risk 
of nest predation. These results suggest that in this complex 
environment with respect to nest predators (i.e., many noctur-
nal and diurnal species with diverse prey-search strategies), 
parents are largely unable to assess ambient nest-predation 
risk at the site level accurately, either because of the inconsis-
tency of risk or lack of sufficient cues.
Nest-predation risk at the scale of the territory was more 
spatially predictable than that at the scale of the landscape; if 
a pair’s first nest was depredated, the nests it attempted sub-
sequently were more likely to be depredated (Table 2). As at 
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the site scale, however, assessment of nest-predation probabil-
ity within a territory for a first attempt was likely unrealistic 
because the sizes of the home ranges or territories of the vast 
majority of potential nest predators at our study sites are much 
larger than that of brewer’s Sparrow territories (see methods). 
Further substantiating this suggestion is the observation that 
investment by pairs whose first attempt was successful did not 
differ significantly from that of pairs whose first attempted 
nest was depredated, by any of the metrics we tested (Figs. 
3, 4). The correlation of nest-predation risk within a territory 
within a year, however, makes adjustments of attempts in the 
same season following nest predation a potentially adaptive 
response. Selection for adjustments in strategies for parental 
care should be favored within environments with variable but 
FIGURE 3. Clutch size (n = 250 nests; top left), egg mass (n = 131 nests; middle left), and incubation attentiveness (% time on eggs; bot-
tom left), length of incubation shifts (on-bout; top right), length of recesses from incubation (off-bout; middle right), and hourly nest visits 
[(60/(average duration of on- + off-bouts) × 2); bottom-right] (n = 86 nests), for first and subsequent nests of brewer’s Sparrow in relation to 
fate (successful or depredated) of first nests. bars represent means ±1 SE, and variables with different letters were significantly different at 
P = 0.05 by post-hoc LSD tests.
predictable predation risk (martin 1995, Lima and bednekoff 
1999, Stoks et al. 1999, Wingfield 2003, Remeš 2005, Lima 
2009). Indeed, pairs of brewer’s Sparrows whose previous 
nest attempts were depredated reduced the size of their next 
clutch and decreased activity at their next nest, a response 
long thought to reduce the proximate risk of nest predation 
(Skutch 1949, Conway and martin 2000, martin et al. 2000, 
Eggers et al. 2005, 2006, Fontaine and martin 2006, massaro 
et al. 2008, Peluc et al. 2008). The birds reduced their activ-
ity both by increasing the lengths of on- and off-bouts during 
incubation and decreasing trips to feed nestlings. Within this 
variable environment parents may therefore rely on prior ex-
perience to assess risk to offspring in subsequent nests and 
adjust their investment tactics accordingly.
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One possible alternative explanation for greater reduc-
tions in clutch size and parental activity in replacement nests 
following predation than in second nests following successful 
first nests is that the quality of pairs whose nests were dep-
redated was lower. To test this alternative, ideally we would 
have compared metrics of parental investment of individual 
pairs through multiple nesting attempts within a season. Un-
fortunately, our sample sizes for duplicate measurements of 
pairs were too low. Still, comparisons of parental traits at suc-
cessful first nests with those at depredated first nests provide 
some inference into possible differences in parental quality. 
The data suggest that such differences were not strong, given 
that clutch size, egg mass, nest attentiveness, and nestling-
feeding rates at successful and depredated first nests did not 
differ (Figs. 3, 4). Future study of parental responses to nest 
predation could eliminate possible alternatives more effec-
tively by inducing nests to fail experimentally and/or inten-
sive study of a larger subset of pairs.
In our study, two components of parental investment with 
important consequences for fitness, egg mass and food loads 
brought to nestlings, did not vary with prior experience with 
nest predation. Egg mass increased slightly with Julian date, 
but, surprisingly, not inversely with clutch size. Food loads 
also varied seasonally but not inversely with feeding rates, as 
predicted or previously observed (i.e., martin et al. 2000). In 
arid habitats such as sagebrush steppe, factors such as clutch 
size, egg mass, and food-load sizes may be largely driven by 
variation in parental quality and/or food availability (martin 
1987, Rotenberry and Wiens 1991, Zanette et al. 2006), nei-
ther of which we measured directly.
In conclusion, we document a lack of correlated varia-
tion in parental investment and care behaviors in response to 
FIGURE 4. mean (±1 SE) rates at which nestling brewer’s Spar-
rows were fed in first nest attempts (n = 54) and in subsequent nests 
(n = 53) in relation to fate (successful or depredated) of first nests. 
The variables represented by bars with different letters were signifi-
cantly different at P = 0.05 by post-hoc LSD tests.
TAbLE 4. Summary statistics for measures of parental care 
by brewer’s Sparrows in relation to previous experience within a 
season (nest type: pre-success first nests, post-success subsequent 
nests, pre-predation first nests, post-predation replacement nests), 
time of season (Julian date), and other covariates from ANCOVA 
models.
metric df F P
Clutch size
Nest type 3,489 5.27 0.001
Julian date 1,489 45.32 <0.001
Egg mass
Nest type 3,126 1.04 0.38
Julian date 1,126 2.93 0.09
Clutch size 1,126 0.11 0.74
Length of incubation on-bouts
Nest type 3,83 6.61 <0.001
Julian date 1,83 0.61 0.44
Length of incubation off-bouts
Nest type 3,83 2.20 0.09
Julian date 1,83 0.18 0.67
Incubation visits hr−1
Nest type 3,83 6.66 <0.001
Julian date 1,83 0.01 0.92
Nest attentiveness (%)
Nest type 3,83 1.81 0.15
Julian date 1,83 1.66 0.20
Feedings of nestlings hr−1
Nest type 3,98 6.39 0.001
Julian date 1,98 2.93 0.09
brood size 1,98 0.95 0.33
Nestling age (day) 1,98 0.19 0.66
variation in ambient risk of nest predation by a multi-brooded 
songbird in a habitat with diverse nest predators. Instead, par-
ents responded clearly to predation of their previous nest in 
that season. Environments that do not provide cues sufficient 
for prediction of the risk of predation may require that parents 
rely on direct experience with predation of their offspring as 
a form of prior information in order to gauge optimal invest-
ment in subsequent breeding attempts. Understanding the ex-
tent to which parents can adaptively respond to variable risk of 
predation of their offspring has implications for understand-
ing spatial and temporal patterns of demography and the evo-
lution of life-history strategies.
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